Geochemical analyses were carried out on Quaternary sediments from cores at Sites 479 and 480. The amount of organic matter indicates that these sediments have good to very good source-rock potential. Rock-Eval pyrolysis and microscopic examination show that many of the samples contain thermally immature, oil-prone, marine organic matter. Preliminary results show that Rock-Eval pyrolysis can distinguish oxic (bioturbated) and anoxic (laminated) organic facies in the cores.
INTRODUCTION
have suggested that studying the interaction of the oceanic oxygen-minimum layer with organic matter (OM) deposited in slope sediments will enhance our understanding of oil sourcebed genesis. Alternating laminated (anoxic) and homogeneous, bioturbated (oxic) zones were found in cores from the Deep Sea Drilling Project (DSDP)-International Phase of Ocean Drilling (IPOD) cores from Leg 64, Sites 479 and 480 (Curray et al., 1979; Schrader et al., 1980) . These zones represent a unique opportunity to study the effects of periodic displacement of the oxygen-minimum layer on the geochemical and sedimentological parameters of young sediments. Both sites were drilled primarily in Quaternary marine sediments on the slope of the Guaymas Basin in the central Gulf of California. These unlithified sediments appear to represent modern analogs of shales, such as the Miocene Monterey Formation in California, which are rich in organic matter.
The concept of sedimentary organic facies is based on (1) the types of organisms that act as a source, (2) the depositional environment, and (3) conditions during early diagenesis. In ancient sediments, organic facies are mappable subdivisions of a stratigraphic unit that can be distinguished on the basis of the chemical composition of the organic matter. Examples of the use of various geochemical parameters in differentiating the organic facies characteristic of oxic and anoxic sedimentary environments include Pelet and Debyser (1977) , Didyk et al., (1978) , Byers and Larson (1979) , and Jones Curray, J. R., Moore, D. G., et al., Init. Repts. DSDP, 64 : Washington (U.S. Govt. Printing Office).
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and . Facies determination by RockEval pyrolysis produced negative (Favero et al., 1979) and positive results. The purpose of this preliminary work is twofold: (1) to determine the quantity, quality, and degree of maturation of organic matter in these sediments to assess their hydrocarbon potentials and generative histories, and (2) to investigate the relation between Rock-Eval pyrolysis response and organic facies at Sites 479 and 480.
METHODS
Conventional "filtering" acidification procedures for the removal of carbonate prior to total organic carbon (TOC) analyses were conducted by DSDP. Each sample was acidified with 6N HC1 in Leco filtering crucibles, and spent acid and wash water were removed by vacuum filtration. The dried residue was combusted, and organic carbon was measured as CO 2 (Gehman, 1962) .
Our "nonfiltering" acidification was modified from Wimberley (1969) . Aliquots of 100 mg of sediment were weighed into Leco nonfiltering combustion crucibles . The samples were treated drop-wise with 6N HC1 until all CO 2 evolution ceased and were then allowed to react overnight. Crucibles containing the samples were oven-dried at 100°C for about 30 min. and analyzed as usual on the Leco carbon analyzer.
"Rock-Eval" is a pyrolysis instrument designed to rapidly measure hydrocarbon potential and generative history from whole-rock samples (Espitalié et al., 1977) . The method is based on the selective detection of hydrocarbon compounds and carbon dioxide generated from organic matter in the rock during programmed heating in an inert atmosphere.
Several parameters are obtained by this technique. A flame ionization detector (FID) senses any hydrocarbons generated during pyrolysis. The first peak (S1) represents the quantity of free hydrocarbons (HC-bitumen) that is thermally distilled from the rock (mg HC/g sample). The second peak (S2) comprises hydrocarbons generated by pyrolytic degradation of the insoluble organic matter (kerogen) (mg HC/g sample). Carbon dioxide generated from the organic matter is analyzed as a third peak (S3) (mg CO 2 /g) using a thermal conductivity detector (TCD). Carbonate lithologies can pose a problem since some inorganic S3 can be produced (Peters, unpubl. data) .
During pyrolysis the temperature is monitored by a thermocouple. The temperature at which the maximum amount of hydrocarbons are generated is called T raax . The hydrogen index (HI) corresponds to the quantity of hydrocarbon compounds from S2 normalized to the TOC of the sample (mg HC/g organic carbon). The oxygen index (01) corresponds to the quantity of CO 2 normalized to the TOC of the sample (mg CO 2 /g organic carbon). As previously demonstrated (Espitalié et al., 1977) , the HI and OI show good correlation with atomic H/C and atomic 0/C, respectively.
Operating parameters for Rock-Eval pyrolysis were identical to those in Clementz et al. (1979) . Homogenized samples of untreated or acid-treated dry sediments were pyrolyzed from 250 to 55O°C in a helium atmosphere at a program rate of 25°C/min. Peak areas were calculated by digital integration.
Selected sediment samples were treated using the standard procedure for kerogen isolation applied to source rocks. Kerogen is defined as the acid-resistant, insoluble organic material isolated from ancient sediments. Site 479 and 480 samples were exhaustively extracted in a Soxhlet apparatus using carbon disulfide. The remaining material was treated with 6N hydrochloric acid for carbonate removal followed by repeated washing with water. Hydrofluoric acid (60%) removed most silicate minerals. The residue was rinsed with dichloromethane prior to drying at 40°C in a vacuum oven. Because of the thermally immature nature of these young sediments, we prefer to use the term "protokerogen" (Peters et al., 1981) to describe the insoluble residue. Protokerogen may contain a variety of biopolymers-such as lignin, cell wall debris, and weakly bound lipids or humic acids-subject to alteration during diagenesis. Our preliminary studies did not involve extraction of humic substances using basic solution. Thus, the protokerogen residues may contain some humic acids.
Carbon, hydrogen, and nitrogen contents of the protokerogen were measured using a Carlo Erba MOD 1106 elemental analyzer. Polished slides for microscopic analysis were prepared using the method described by Baskin (1979) . Vitrinite reflectance measurements were completed by B. Alpern (CERCHAR, France).
DISCUSSION

Whole-Sediment Analyses
Total organic carbon, based on the nonfilter acidification procedure and Rock-Eval pyrolysis data for whole-sediment samples from Sites 479 and 480, are found in Tables 1 and 2 , respectively. Total organic carbon values determined by DSDP on these samples are reported in parentheses in the tables. Four replicate analyses are included in these data. The average standard deviations, expressed as percentages of the respective measured values of TOC, HI, OI, and T max , are 0.5, 6.1,5.5, and 0.7%. Figure 1 plots TOC values for the nonfilter (hydrolysate-retained) versus filter (hydrolysate-lost) methods. It shows that, on the average, more than 10% of the organic carbon in a sample is lost as hydrolysate during conventional acid treatment. Additional loss of colloidal organic matter through the porous Leco filtering crucibles is possible. These results agree with those of Roberts et al. (1973) , who showed a loss of up to 44% of the organic matter from Recent sediments in the acid filtrate. We have observed that sediments and rocks older than those found at these sites generally contain diagenetically mature organic matter, which is more resistant to hydrolysis. Figure 2 is a plot of TOC versus total hydrocarbon yield (S1 + S2) obtained by Rock-Eval pyrolysis of the whole-sediment samples. These nonlinear results appear to result from differences in composition of the organic matter among samples. Preliminary optical studies by B. Alpern, for example, suggest that a difference in maceral composition exists between low-(<2.5%) and bights.5%) TOC sediments at these localities. Low-TOC sediments commonly represent oxidizing depositional regimes dominated by recycled, hydrogen-poor macerals. Higher TOC sediments are characteristic of more reducing environments dominated by hydrogen-rich rnacerals. Upon pyrolysis, hydrogen-rich macerals yield more hydrocarbons per gram organic carbon than do hydrogen-poor macerals (Tissot et al., 1974) . Low-TOC sediments at these localities seem to contain proportionally more recycled organic matter than high-TOC sediments. The variation in total hydrocarbon yield for samples with more than 2.5% organic carbon may also reflect differences in maceral composition. Additional optical studies are in progress.
An alternative explanation for the results in Figure 2 is absorption of pyrolytic hydrocarbons by the kerogen/ mineral matrix (Espitalié et al., 1980) . This absorptive effect can be likened to the behavior of a sponge. When the supply of hydrocarbons to the sponge is low (low TOC), much of the hydrocarbon material is absorbed by the sponge. Once a specific threshold of hydrocarbon supply is reached, however, the sponge becomes saturated, and hydrocarbons flow through as rapidly as they are supplied.
All TOC values at Site 479 (Table 1) are greater than 1%, and most are over 2%. In more mature sediments this would indicate good to very good quantities of source rock organic material for hydrocarbon generation. (Organic carbon content does not, however, specify the proportion of the organic matter convertible to hydrocarbons.) T max values range from 403 to 427°C. These low values, combined with negligible S1 (free hydrocarbon) content, verify the immaturity of the sediments. The transformation ratio, S1/(S1 + S2) (Tissot and Welte, 1978) , for all these samples is approximately zero. Hydrocarbon-generating potential, as measured by S2, ranges from fair to very good. The variability with depth for values such as S2/S3, HI, and OI far exceeds the standard deviation for their measurement.
Rock-Eval and TOC results for Site 480 are similar to those from Site 479. TOC values range from 2.5 to 3.4%, indicating very good source rock potential in terms of quantities of organic matter. T max values (400-420 °C) and negligible S1 hydrocarbons again indicate immature sediments.
Figures 3 and 4 are HI versus OI plots based on pyrolysis results for Sites 479 (Table 1) and 480 (Table  2) . Pathways I, II, and III represent the changing compositions of the principal types of organic matter in source rocks (Espitalié et al., 1977) . Each pathway approaches the origin of the figure as a result of thermal maturation during burial. Organic matter plotting on the Type I pathway, such as that from shales of the Green River Formation, originates as very oil-prone material. Type II source rocks, such as those of the lower Toarcian of the Paris Basin, are moderately oil prone. Type III source rocks, such as the Upper Cretaceous rocks of the Douala Basin, are only gas prone. Most rocks contain mixtures of the principal types of organic matter.
By using different symbols, the data for each site are divided into three arbitrary depth intervals to show general depositional trends. At Site 479 (Fig. 3 ) the shallow TOC data using conventional acid treatment for carbonate removal are in parentheses (DSDP data). At Site 479 the sediments were severely disturbed by biogenic gas partings and drilling. Unfortunately, the disturbed nature of the core does not allow a strict comparison of Rock-Eval pyrolysis results with lithology.
At Site 480, deposition of very oil-prone organic matter with a composition intermediate between immature
Types I and II (Fig. 4) occurred in the deep interval  (113.90-151.90 m) . In an intermediate interval (33.10-104 .20 m) most of the organic matter plots between immature Types II and III and is of lower quality than that of the overlying shallow interval (14.20-28.40 m) that plots near the immature Type II pathway.
The unlithified samples from Site 480 are core-catcher material, which is sometimes disturbed during collection. The core lithology is divided almost equally between two alternating sediment types (Schrader et al., 1980) . Laminated zones, consisting of rhythmic couplets, are mixtures of diatom ooze and terrigenous clays. Homogeneous zones consist of diatomaceous mud to muddy ooze with evidence of extensive burrowing. The latter probably reflect times with a less-pronounced oxygen-minimum zone that allowed the existence of epifauna and infauna. The causes of these fundamentally different lithologies also appear to have determined the distribution of organic facies at this site. Figure 5 plots TOC and some Rock-Eval parameters versus lithology at Site 480. An inverse relation exists between HI and OI as a function of depth. The results suggest different types of organic matter in the oxic, homogenous zones (low HI, high OI) than in the anoxic, laminated zones (high HI, low OI).
Note the striking change in HI, OI, and S2/S3 between 104.20 and 151.90 meters sub-bottom. The deeper interval is laminated and of sufficient thickness to be unaffected by mixing with homogenous layers from above during collection. The S2/S3 ratios and HI values for the deeper samples are significantly larger than those of the shallower sediments. The OI and T max values of the deeper samples are smaller than those of the shallower sediments. The significance of these preliminary results is that Rock-Eval pyrolysis has been used successfully to differentiate organic facies in this core. Table 3 shows the results of elemental analysis, RockEval pyrolysis, and microscopic examination of protokerogens isolated from selected Site 479 and 480 samples. The S2/S3 and HI and OI pyrolysis results in the table show that most of these residues are less oil prone than the total organic matter in the same sediment. This is particularly apparent for the very oil-prone organic matter in the deeper samples (113.90-151.90 480. These residues constitute only a fraction of the total organic matter in the untreated samples. Apparently, oil-prone materials are preferentially removed from these immature sediments during acid maceration and solvent extraction (see Fig 1) . Unlike the sediments at Sites 479 and 480, we find a general agreement between whole-rock and kerogen determinations of organic matter quality in older sediments and rocks. These results suggest that the Quaternary sediments at these localities on the Guaymas Slope are diagenetically immature. The production of kerogen from protokerogen, lipids, humic substances, and other classes of organic materials is still in progress (Peters et al., 1981) .
Protokerogen Analyses
Mean vitrinite reflectance values (Table 3 ) range from 0.25 to 0.38% at Site 479 and from 0.25 to 0.35% at Site 480. These values are characteristic of immature organic matter and agree with conclusions based on pyrolysis. Simoneit et al. (1979) , reached similar conclusions by using elemental and isotopic analyses of protokerogens isolated from sediments near these locations. The reflectance studies also show varying quantities of recycled organic matter in Site 479 and 480 sediments. Figure 6 is an atomic H/C versus O/C plot for the protokerogens and is based on data from Table 3 . Location of points on the figure was determined using atomic H/C and vitrinite reflectance measurements (Jones and Edison, 1978) . Lines I, II, and III in the figure are evolutionary pathways followed by the three principal types of kerogens during burial maturation (Tissot et al., 1974) . This plot shows that samples from Sites 479 and 480 contain immature, moderately oil-prone protokerogen, whose composition is intermediate between Types II and III. The protokerogens are generally less oil prone than the whole-sediment samples shown in Figures 3 and 4 . CONCLUSIONS Rock-Eval pyrolysis of whole sediments from Sites 479 and 480 shows that many consist of thermally immature, oil-prone, marine organic matter. In general, protokerogen isolated from these samples is less oil prone than the total organic matter. Hydrolysis and loss of labile, oil-prone organic matter are significant during acid maceration and solvent extraction of young sediments. Preliminary results suggest that Rock-Eval pyrolysis is a useful geochemical method of mapping fades boundaries.
